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Abstract 

Background: To investigate whether high blood pressure accelerates renal function decline in patients with 
advanced chronic kidney disease (CKD), we studied the association of systolic (SBP) and diastolic blood pressure 
(DBP) with decline in renal function and time until the start of renal replacement therapy (RRT) in patients with 
CKD stages IV-V on pre-dialysis care. 

Methods: In the PREPARE-1 cohort 547 incident pre-dialysis patients, referred as part of the usual care to 
outpatient clinics of eight Dutch hospitals, were included between 1999 and 2001 and followed until the start of 
RRT, mortality, or end of follow-up (January 1 st 2008). Main outcomes were rate of decline in renal function, 
estimated as the slope of available eGFR measurements, and time until the start of RRT. 

Results: A total of 508 patients, 57% men and median (IQR) age of 63 (50-73) years, were available for analyses. 
Mean (SD) decline in renal function was 0.35 (0.75) ml/min/1.73 m 2 /month. Every 10 mmHg increase in SBP or DBP 
resulted in an accelerated decline in renal function (adjusted additional decline 0.04 (0.02;0.07) and 0.05 (0.00;0.11) 
ml/min/1.73 m 2 /month respectively) and an earlier start of RRT (adjusted HR 1.09 (1.04;1.14) and 1.16 (1.05;1.28) 
respectively). Furthermore, patients with SBP and DBP above the BP target goal of < 130/80 mmHg experienced a 
faster decline in renal function (adjusted additional decline 0.31 (0.08;0.53) ml/min/1.73 m 2 /month) and an earlier 
start of RRT (adjusted HR 2.08 (1.25;3.44)), compared to patients who achieved the target goal (1 1%). Comparing 
the decline in renal function and risk of starting RRT between patients with only SBP above the target (> 130 
mmHg) and patients with both SBP and DBP below the target (< 130/80 mmHg), showed that the results were 
almost similar as compared to patients with both SBP and DBP above the target (adjusted additional decline 0.31 
(0.04;0.58) ml/min/1.73 m 2 /month and adjusted HR 2.24 (1 .26;3.97)). Therefore, it seems that especially having SBP 
above the target is harmful. 

Conclusions: In pre-dialysis patients with CKD stages IV-V, having blood pressure (especially SBP) above the target 
goal for CKD patients (< 130/80 mmHg) was associated with a faster decline in renal function and a later start of 
RRT. 

Keywords: blood pressure, chronic kidney disease stages IV-V, estimated glomerular filtration rate, pre-dialysis care, 
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Background 

Chronic kidney disease (CKD) and end-stage renal dis- 
ease (ESRD) are major public health problems world- 
wide, because of rapidly increasing numbers of prevalent 
and incident cases [1-3]. The demand for pre-dialysis 
care is growing due to the increasing number of patients 
with late-stage CKD. Patients on pre-dialysis care need 
to be treated to slow down decline in renal function and 
to postpone the start of renal replacement therapy 
(RRT; dialysis and transplantation). 

High blood pressure is an important independent pre- 
dictor of decline in renal function in the general popula- 
tion [4] and in several subgroups [5-8]. Furthermore, 
high blood pressure is also a risk factor for the progres- 
sion to CKD [9,10] and ESRD [11-14] in the general 
population. Once a person has developed early stage 
CKD, blood pressure has a persisting detrimental effect 
on decline in renal function resulting in an accelerated 
progression to ESRD [15-19]. However, little is known 
about the association of blood pressure with decline in 
renal function in patients with CKD stages IV-V on pre- 
dialysis care. 

Therefore, it is important to study the association of 
blood pressure with progression of CKD in patients 
with CKD stages IV-V on pre-dialysis care. Guidelines 
from the Kidney Disease Outcomes Quality Initiative 
(K/DOQI), Seventh Report of the Joint National Com- 
mittee (JNC 7), and the American Heart Association 
(AHA) propose a blood pressure treatment target goal 
of < 130/80 mmHg through all stages of CKD [20-22]. 
Because the use of this proposed treatment target goal 
of < 130/80 mmHg in pre-dialysis patients is not evi- 
dence based, it is important to investigate whether this 
goal is indeed beneficial in this specific population. 
Therefore, the aim of our study was to investigate the 
association of systolic (SBP) and diastolic blood pressure 
(DBP) with progression of CKD as assessed by decline 
in renal function and time until the start of RRT in 
patients with CKD stages IV-V on pre-dialysis care. 

Methods 

Study design and participants 

The PREdialysis PAtient REcord-1 (PREPARE-1) study 
is a follow-up study in which consecutive incident adult 
patients with CKD stages IV-V were included from out- 
patient clinics of eight Dutch hospitals when referred 
for pre-dialysis care between 1999 and 2001. Patients 
had been referred to these outpatient clinics if creatinine 
clearance was below 20 ml/min. Furthermore, in these 
patients the need for RRT was expected within one year. 
Patients who spent less than one month on pre-dialysis 
care and patients with prior RRT were excluded. The 
clinical course of pre-dialysis patients was followed 
through the medical charts until the start of dialysis, 



transplantation, death, or January 1 st 2008, whichever 
was earliest. Predefined data on demography, anthropo- 
metry, and clinical symptoms were extracted from medi- 
cal charts at inclusion. All available data concerning 
laboratory measurements during pre-dialysis care were 
extracted from the Hospital Information Systems. The 
study was approved by the Institutional Review Boards 
of the participating hospitals and conducted in concor- 
dance with Good Clinical Practice Guidelines. 

Measurements and definitions 

Blood pressure and variables used for adjustment in 
multivariable analyses were assessed at the first pre-dia- 
lysis visit (baseline) and measured according to the stan- 
dard care applied in each individual hospital. The 
standard procedure for measuring blood pressure is 
using a device dependent on cuff occlusion of the arm, 
with the patient in sitting or lying position. The blood 
pressure treatment target goal was defined as SBP < 130 
mmHg and DBP < 80 mmHg according to the K/DOQI, 
JNC 7, and AHA guidelines [20-22]. Estimated glomeru- 
lar filtration rate (eGFR) was estimated using the abbre- 
viated Modification of Diet in Renal Disease (MDRD) 
formula, taking into account age, sex, race, and serum 
creatinine [23]. Baseline serum creatinine measurement 
was defined as the measurement closest to the start of 
pre-dialysis care, within 90 days before and 14 days after 
the start. 

Outcomes 

For the present analyses, the first year of pre-dialysis 
care was used as follow-up time, because blood pressure 
was only assessed at baseline and blood pressure levels 
can change during pre-dialysis care. Therefore, we 
expect that the effect of baseline blood pressure on pro- 
gression of CKD weakens after several years of follow- 
up. Outcomes were decline in renal function and time 
until the start of RRT. The rate of decline in renal func- 
tion was estimated by fitting a regression line through 
the available eGFR measurements for each individual 
patient. This resulted in slopes expressing the monthly 
loss of eGFR. eGFR measurements between one month 
prior to inclusion and one year after inclusion were 
used and at least two measurements had to be available 
to estimate the rate of decline. Patients with eGFR mea- 
surements only available between one month prior to 
inclusion and one month thereafter were excluded from 
the analyses for decline in renal function (n = 20). The 
start of RRT was defined as starting dialysis or being 
transplanted within the first year of pre-dialysis care. 

Statistical analyses 

Continuous data were expressed as mean (standard 
deviation, SD) and skewed data as median (boundaries 
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of interquartile range, IQR). Baseline characteristics 
were presented for the total study population and strati- 
fied for patients below or above the blood pressure 
treatment target goal. SBP and DBP were both analyzed 
in steps of 10 mmHg increase and in categories. We 
used clinically relevant categories for SBP (< 130 (refer- 
ence group), 130-149, 150-169, 170-189, and > 190 
mmHg) and for DBP (< 80 (reference group), 80-89, 90- 
99, and > 100 mmHg). The reference categories chosen 
were based on the treatment target goal of < 130/80 
mmHg. Furthermore, the range of the SBP and DBP 
categories (steps of 10 and 20 mmHg respectively) were 
selected by using the distribution of these variables, to 
end up with enough power in each category. Addition- 
ally, SBP and DBP were combined based on the treat- 
ment target goal of < 130/80 mmHg. The additional 
effect of having DBP above 80 mmHg on top of having 
SBP above 130 mmHg, compared to the single effect of 
SBP > 130 mmHg or DBP > 80 mmHg, was investi- 
gated. For this analysis, patients were stratified into four 
categories based on the combination of SBP and DBP (< 
130/< 80 (reference group), > 130/< 80, < 130/> 80, and 
> 130/> 80 mmHg). 

A linear regression analysis was used to assess the 
association of blood pressure with decline in renal func- 
tion during the first year of follow-up. Multivariable 
analyses were used to adjust for the possible confoun- 
ders age, sex, race, smoking, primary kidney disease, 
presence of cardiovascular disease (CVD; angina pec- 
toris, coronary disease, and/or myocardial infarction), 
and presence of diabetes mellitus (DM). 

The Kaplan-Meier method was used to estimate the 
crude risk and a Cox proportional hazard regression 
analysis was used to estimate the adjusted risk of start- 
ing RRT during the first year of pre-dialysis care. The 
risk of starting RRT was adjusted for the same confoun- 
ders used in the multivariable linear regression analyses. 
The time from the first pre-dialysis visit until the start 
of RRT or end of the first year of follow-up was used in 
the Cox proportional hazard regression as follow-up 
time. Mortality and lost to follow-up were censored 
events. All p-values are two-tailed and p < 0.05 was con- 
sidered statistically significant. Data were analyzed with 
PASW/SPSS version 17. 

Multiple sensitivity analyses were performed. First, 
sensitivity analyses were performed with only the first 
six months or with complete follow-up (until January I s 
2008) instead of the first year of follow-up, to investigate 
whether differences in follow-up time lead to different 
results. Second, a sensitivity analysis was performed with 
SBP and DBP stratified in quartiles and quintiles to 
make sure that the associations found are robust and 
not dependent on the choice of categories. Third, it can 
be argued that our analyses should be additionally 



adjusted for proteinuria, hemoglobin, and baseline 
eGFR. However, data regarding proteinuria, hemoglobin, 
and baseline eGFR were not available for all patients 
included in the analyses (n = 405, n = 444, and n = 445 
respectively). Therefore, adjusting for these variables was 
only performed as a sensitivity analysis, in order to 
maintain power. 

Results 

Baseline characteristics 

From the 547 incident pre-dialysis patients included, 
525 patients had no prior RRT and spent more than 
one month on pre-dialysis care. SBP and DBP measure- 
ments at baseline were present for 508 patients and for 
436 patients two or more eGFR measurements were 
available to estimate the rate of decline in renal func- 
tion. Of these 508 patients, 89% had SBP and/or DBP 
above the blood pressure treatment target goal (SBP > 
130 mmHg and/or DBP > 80 mmHg). Most of the 
patients on pre-dialysis care were referred by nephrolo- 
gists (76%). This percentage was the same in patients 
below and patients above the target (78% and 76% 
respectively, Table 1). Patients with SBP and/or DBP 
above the target were older, smoked more, had a slightly 
higher body mass index (BMI), lower eGFR, higher 
levels of proteinuria, and a higher prevalence of CVD 
(Table 1). At baseline, patients with an available esti- 
mated rate of decline in renal function (n = 436) were 
slightly older, had a higher eGFR, lower levels of protei- 
nuria, and less co-morbidities, than patients without 
available eGFR data (n = 72). 

Of all patients, 92% were treated with anti-hyperten- 
sive drugs at baseline. Patients below the blood pressure 
treatment target goal were primarily prescribed angio- 
tensin converting enzyme (ACE)-inhibitors and/or 
diuretics whereas patients above the target were pre- 
scribed calcium-antagonists and beta-blockers just as 
often (Table 2). Angiotensin II-inhibitors were pre- 
scribed the least. Furthermore, the number of anti- 
hypertensive drug types was higher in patients above the 
blood pressure treatment target goal than in patients 
below the target. Of the patients treated with anti- 
hypertensive drugs, only 11% achieved the blood pres- 
sure treatment target goal of < 130/80 mmHg. 

Decline in renal function 

The median (IQR) number of available eGFR measure- 
ments during the first year of follow-up was 9 (6-13) 
and 98.6% of the patients had three or more eGFR mea- 
surements. In the total group of 436 patients, mean 
(SD) decline in renal function was 0.35 (0.75) ml/min/ 
1.73 m 2 /month. Mean (SD) decline in renal function 
was not dependent on the number of eGFR measure- 
ments and was 0.37 (0.89), 0.38 (0.62), 0.41 (0.72), and 
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Table 1 Demographic, anthropometric, and clinical characteristics at baseline for the total study population and 
stratified for reaching the blood pressure treatment target goal 

All Below target 4 Above target 4 

n = 508 n = 58 n = 450 



Age (years) 


63 (50-73) 


55 (45-71) 


64 (50-73) 


Sex {% men) 


57 


57 


56 


Caucasian (%) 


97 


97 


96 


BMI (kg/m 2 )* 


26 ± 5 


25 ± 4 


26 ± 5 


Smokers/quitters < 1 year before inclusion (%) 


56 


50 


57 


Primary kidney disease (%) 








Diabetes mellitus 


17 


16 


17 


Glomerulonephritis 


10 


14 


9 


Interstitial nephritis 


16 


17 


15 


Renal vascular disease/nephrosclerosis 


23 


17 


23 


Baseline eGFR (ml/min/1.73 m 2 ) + 


13.1 ± 5.8 


14.0 ± 6.0 


13.0 ± 5.7 


Proteinuria (g/24 h)* 


2.0 (0.7-3.9) 


1.1 (0.6-2.9) 


2.2 (0.8-4.0) 


Hemoglobin (g/dl) 5 


1 1 .3 ± 1 .6 


1 1 .4 ± 1 .8 


1 1 .3 ± 1 .6 


Co-morbidities (%) 








Anemia' 


•17 


46 


4 7 


Cardiovascular disease 7 


36 


28 


37 


Diabetes mellitus 


27 


24 


27 


Malignancy 


11 


10 


11 


Referral to pre-dialysis care by nephrologist (%) 


76 


78 


76 



Median with boundaries of interquartile range (IQR) is given for age and proteinuria and for the other continuous variables mean ± standard deviation (SD) is 
given. A Below the target was defined as SBP < 130 and DBP < 80 mmHg and above the target as SBP > 130 and/or DBP > 80 mmHg. » Available for 472 
patients. f estimated glomerular filtration rate (eGFR) calculated with the abbreviated Modification of Diet in Renal Disease (MDRD) formula and available for 445 
patients. Available for 405 patients. § Available for 444 patients. ' Defined as a hemoglobin level < 1 1 g/dl. y Defined as the presence of angina pectoris, 
coronary disease, and/or myocardial infarction. 

0.26 (0.71) ml/min/1.73 m 2 /month for patients with 2-6, SBP resulted in an accelerated decline in renal function 
7-9, 10-13 and > 14 eGFR measurements (quartiles) (crude additional decline 0.03 (0.01;0.06) ml/min/1.73 
respectively. The analysis of SBP in steps of 10 mmHg m /month, Table 3). The analysis of SBP stratified in 
showed a linear association, every 10 mmHg increase in categories showed similar results, every consecutive 



Table 2 Blood pressure characteristics at baseline for the total study population and stratified for reaching the blood 
pressure treatment target goal 





All 

n = 508 


Below target 4 
n = 58 


Above target 4 
n = 450 


Systolic blood pressure (mmHg) 


152 ± 27 


114 ± 12 


157 ± 25 


Diastolic blood pressure (mmHg) 


83 ± 14 


68 ± 8 


85 ± 13 


Anti-hypertensive drug types (%) 








ACE-inhibitor 


43 


60 


40 


Angiotensin ll-inhibitor 


20 


10 


21 


Beta-blocker 


39 


31 


40 


Calcium antagonist 


45 


22 


48 


Diuretics 


48 


52 


48 


Other* 


14 


7 


15 


Number of anti-hypertensive drug types (%) 








0 


8 


9 


8 


1 


26 


35 


24 


2 


28 


33 


28 


> 3 


38 


23 


40 



Systolic (SBP) and diastolic blood pressure (DBP) are presented as mean ± standard deviation (SD). 

a Below the target was defined as SBP < 130 and DBP < 80 mmHg and above the target as SBP > 130 and/or DBP > 80 mmHg. * Defined as the prescription of 
alpha blocker, vasodilator, and/or central working agent. 
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Table 3 Association of systolic and diastolic blood pressure with decline in renal function during the first year of pre- 
dialysis care 

n Baseline eGFR* Crude additional decline Adjusted additional decline 1 Adjusted additional decline 4 " 
(ml/min/ (ml/min/ (ml/min/ (ml/min/ 

1.73 m 2 ) 1 .73 m 2 /month) 1.73 m 2 /month) 1.73 nvVmonth) 



Systolic blood pressure (mrnHg): 



Per 10 


436 




0.03 (0.01;0.06) 


0.04 (0.02:0.07) 


0.04 (0.02:0.07) 


< 130 


79 


14.0 


0" 


0 


0 


130-149 


116 


12.8 


0.13 (-0.09;0.34) 


0.15 (-0.06:0.36) 


0.14 (-0.07:0.35) 


150-169 


125 


12.7 


0.14 (-0.08:0.35) 


0.19 (-0.02:0.39) 


0.17 (-0.04:0.38) 


170-189 


72 


14.2 


0.19 (-0.05:0.43) 


0.27 (0.04:0.51) 


0.24 (0.00:0.48) 


> 190 


-14 


13.3 


0.34 (0.06:0.61) 


0.44 (0.16:0.71) 


0.43 (0.15:0.70) 


Diastolic blood 


pressure 


(mrnHg): 








Per 10 


436 




0.07 (0.02:0.12) 


0.05 (0.00:0.10) 


0.05 (0.00:0.11) 


< 80 


122 


13.4 


0 T 


0 


0 


80-89 


151 


13.7 


0.08 (-0.10:0.26) 


0.06 (-0.12:0.23) 


0.07 (-0.11:0.25) 


90-99 


98 


13.3 


0.12 (-0.07:0.32) 


0.12 (-0.08:0.31) 


0.12 (-0.08:0.32) 


> 100 


65 


11,9 


0.29 (0.07:0.52) 


0.23 (0.00:0.45) 


0.22 (-0.01:0.44) 


Blood pressure treatment target goal 


(mrnHg): 






< 1 30/< 80 


A 7 


14.2 


OA 


0 


0 


> 1 30/< 80 


75 


13.0 


0.21 (-0.07:0.48) 


0.31 (0.04:0.58) 


0.31 (0.04:0.58) 


< 1 30/> 80 


32 


13.8 


0.22 (-0.12:0.55) 


0.21 (-0.12:0.54) 


0.26 (-0.08:0.59) 


> 1 30/> 80 


282 


13.1 


0.27 (0.04:0.50) 


0.30 (0.08:0.53) 


0.31 (0.08:0.53) 



The decline (95% confidence interval) presented for each blood pressure category indicates the additional decline in renal function compared to the reference 
category (systolic blood pressure (SBP) < 130 mrnHg, diastolic blood pressure (DBP) < 80 mrnHg, and SBP/DBP < 130/< 80 mrnHg). A negative decline is 
equivalent to a slower decline in renal function. 

* The mean estimated glomerular filtration rate (eGFR) in ml/min/1.73 m 2 at baseline. f Adjusted for sex and age. * Adjusted for sex, age, race, smoking, primary 
kidney disease, and the co-morbidities cardiovascular disease (CVD) and diabetes mellitus (DM). § The mean (standard deviation, SD) decline in renal function is 
0.22 (0.74) ml/min/1.73 m 2 /month. y The mean (SD) decline in renal function is 0.26 (0.90) ml/min/1.73 m 2 /month. A The mean (SD) decline in renal function is 
0.13 (0.85) ml/min/1.73 nrVmonth. 



category above the reference category of < 130 mrnHg 
(mean (SD) decline 0.22 (0.74) ml/min/1.73 m 2 /month) 
resulted in an accelerated decline in renal function 
(Table 3). 

Every 10 mrnHg increase in DBP also resulted in an 
accelerated decline in renal function (crude additional 
decline 0.07 (0.02;0.12) ml/min/1.73 m 2 /month, Table 
3). Furthermore, every consecutive category above the 
reference category of < 80 mrnHg (mean (SD) decline of 
0.26 (0.90) ml/min/1.73 m /month) resulted in an accel- 
erated decline in renal function. However, the most pro- 
nounced decline in renal function was present in 
patients with DBP > 100 mrnHg. 

Using the blood pressure treatment target goal (SBP < 
130 mrnHg and DBP < 80 mrnHg) showed that patients 
with SBP and/or DBP above the target had an acceler- 
ated decline in renal function compared to patients with 
SBP and DBP below the target (mean (SD) decline 0.13 
(0.85) ml/min/1.73 m 2 /month). Adjustment for confoun- 
ders did not change these results essentially (Table 3). 

Start of Renal Replacement Therapy 

During the first year of follow-up, of all patients 23% 
started hemodialysis and 22% peritoneal dialysis, 1% 



was transplanted, 5% died, 1% was lost to follow-up 
while 48% were still on pre-dialysis care. Median (IQR) 
follow-up time was 351 (144-365) days, while follow-up 
time in patients starting RRT was 145 (87-234) days. In 
patients below and above the blood pressure treatment 
target goal at baseline, mean eGFR was 6.7 and 8.2 ml/ 
min/1.73 m 2 at the start of RRT respectively. The crude 
association of SBP and DBP categories with time until 
the start of RRT is shown in Figure 1A and IB respec- 
tively. Table 4 shows the crude and the adjusted hazard 
ratios (HRs) for every 10 mrnHg increase in SBP and 
DBP, and for clinically relevant blood pressure cate- 
gories compared to the reference category of SBP < 130 
mrnHg or DBP < 80 mrnHg respectively. Patients with 
higher SBP had an earlier start of RRT. On a continuous 
scale, every 10 mrnHg increase in SBP resulted in an 
earlier start of RRT (crude HR 1.08 (1.03;1.13)). Further- 
more, the adjusted risk of starting RRT was 1.60 fold 
higher (95% CI, 1.02;2.50) in patients with SBP 130-149 
mrnHg compared to patients with SBP < 130 mrnHg 
(Table 4). For DBP, every 10 mrnHg increase resulted in 
an earlier start of RRT (crude HR 1.15 (1.04;1.27)). The 
analysis with categories showed that only patients with 
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Systolic blood pressure and time until the start of RRT 

'Hi 




<130 mmHg 
130-149 mmHg 
150-169 mmHg 
170-189 mmHg 
>190 mmHg 



Follow-up time (months) 



events / n r at risk 

<130 9/91 



130-149 
150-169 
170-189 

.190 



14/136 
18/147 
14/83 
9/51 



8/81 
18/120 
27/128 
16/69 
10/41 



5/71 
19/100 
20/98 
8/52 
6/27 



7/66 
9/78 
9/78 
8/43 
1 /21 



Diastolic blood pressure and time until the start of RRT 




<80 mmHg 
80-89 mmHg 
90-99 mmHg 
>100mmHg 



Log rank 
p = 0.004 



Follow-up time (months) 



events / nr at risk 

<80 22/153 
80-89 1 5/174 
90-99 9/106 
>100 18/75 



19/128 
27/158 
19/96 
14/57 



15/107 
22/125 
14/76 
7/40 



7/90 
12/102 
7/61 
8/33 



C Systolic and diastolic blood pressure and time until the start of RRT 




-»- <130/<80 mmHg 
- 1 - >130/<80 mmHg 
<130/>80 mmHg 
- 1 - >130/>80mmHg 



Log rank 
p = 0.028 



Follow-up time (months) 



events / nr at risk 

<130/<80 6/58 
>130/<80 16/95 
<130/>80 3 / 33 
>130/>80 39/322 



6/51 
13/77 

2/30 
58/281 



2/44 
13/63 
3/27 
40/214 



4/24 
23/172 



Figure 1 Kaplan-Meier curve for time until the start of renal 
replacement therapy. Kaplan-Meier curve for the association of 
systolic (SBP), diastolic blood pressure (DBP) and the combination of 
SBP and DBP with time until the start of renal replacement therapy 
(RRT) during the first year of follow-up in pre-dialysis patients. 
Follow-up time in months (during the first year of follow-up) on the 
x-axis and the percentage of patients on pre-dialysis care on the y- 
axis is plotted and stratified for SBP (A), DBP (B), and SBP/DBP (C) 
blood pressure categories. The numbers below the figures give the 
number of patients 'at risk' (n) and the events in each blood 
pressure category for 3 month intervals. 



I.09(1.04;1.14) 1.09(1.04:1.14) 



Table 4 Association of systolic and diastolic blood 
pressure with time until the start of renal replacement 
therapy during the first year of pre-dialysis care 

Events/n Crude HR Adjusted HR + Adjusted HR* 

Systolic blood pressure (mmHg): 
Per 10 235/508 1.08 (1.03:1.13) 

< 130 29/91 1 
130-149 60/136 
150-169 74/147 
170-189 46/83 

> 190 26/51 
Diastolic blood pressure (mmHg): 
Per 10 235/508 1.15 (1.04;1.27) 

< 80 63/1 53 1 1 
80-89 76/174 1.02 (0.73:1.43) 1.03 (0. 

49/106 1.09 (0.75:1.58) 1.11 (0. 
47/75 1.84 (1.26:2.69) 1.85(1 



54 (0. 
88 (1 



1 .52 (0.97;2.36) 
1.82 (1.19:2.80) 

2.09 (1.31:3.32) 2.20 (1 

2.10 (1.24:3.57) 2.27 (1 



99;2.41) 
22;2.90) 
37:3.53) 
33:3.90) 



1.60 (1.02;2.50) 
1.96 (1.27:3.02) 
2.25 (1.40:3.63) 
2.21 (1.28;3.80) 



1.15 (1.04;1.27) 1.16 (1.05;1.28) 



90-99 
> 100 



74;1 .44) 
76;1.62) 
26:2.71) 



.05 (0.75:1.48) 
.11 (0.76:1.62) 
.88 (1.27:2.78) 



Blood pressure treatment target goal (mmHg): 



< 1 30/< 80 1 7/58 

> 1 30/< 80 46/95 

< 1 30/> 80 1 2/33 

> 1 30/> 80 1 60/322 



1.93 (1.11:3.37) 2.03 (1 
1.18 (0.56:2.47) 1.18 (0. 
1.91 (1.16:3.16) 1.96 (1. 



15;3.57) 
56;2.47) 
19;3.23) 



2.24 (1.26;3.97) 
1.31 (0.62:2.78) 
2.08 (1.25:3.44) 



The hazard ratio (HR) (95% confidence interval, CI) presented for each blood 
pressure category indicates the increased risk of starting renal replacement 
therapy (RRT) compared to the reference category (systolic blood pressure 
(SBP) < 130 mmHg, diastolic blood pressure (DBP) < 80 mmHg, and SBP/DBP 
< 130/< 80 mmHg). 

+ Adjusted for sex and age. Adjusted for sex, age, race, smoking, primary 
kidney disease, and the co-morbidities cardiovascular disease (CVD) and 
diabetes mellitus (DM). 



DBP > 100 mmHg had a pronounced earlier start of 
RRT (crude HR 1.84 (1.26;2.69), Table 4 and Figure IB). 

Using the blood pressure treatment target goal (SBP < 
130 mmHg and DBP < 80 mmHg) showed that patients 
with SBP above the target and DBP below the target 
started RRT earlier (crude HR 1.93 (1.11;3.37)) com- 
pared to patients with both SBP and DBP below the tar- 
get (Table 4 and Figure 1C). Patients with SBP < 130 
mmHg (below target) and DBP > 80 mmHg (above tar- 
get) had a similar risk of starting RRT as the reference 
group (patients with SBP < 130 mmHg and DBP < 80 
mmHg). Having both SBP and DBP above the treatment 
target goal resulted in a higher risk of starting RRT 
(crude HR 1.91 (1.16;3.16)) compared to having both 
SBP and DBP below the target. Adjustment for confoun- 
ders did not change these results essentially (Table 4). 

Sensitivity analyses 

To test the robustness of our findings, several sensitivity 
analyses were performed. First, in a sensitivity analysis 
with only six months of follow-up, results of the primary 
analyses were confirmed and point estimates were simi- 
lar. Analyses with complete follow-up showed the same 
trend as in the primary analyses, however the 
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associations were somewhat diluted. Every 10 mmHg 
increase in SBP or DBP resulted in an accelerated 
decline in renal function (adjusted additional decline 
0.04 (0.01;0.07) and 0.05 (0.00;0.11) ml/min/1.73 m 2 / 
month respectively) and an earlier start of RRT (HR 
1.07 (1.03,4.11) and 1.10 (1.01;1.19) respectively). Sec- 
ond, other choices of blood pressure categories showed 
the same results as found in the primary analyses. 
Third, when including the covariates proteinuria, hemo- 
globin, and baseline eGFR in the model (sample size of 
404 patients), the point estimates for decline in renal 
function and time until the start of RRT remained simi- 
lar. With every 10 mmHg increase in SBP or DBP, 
decline in renal function accelerates (adjusted additional 
decline 0.04 (0.02;0.07) and 0.07 (0.02;0.12) ml/min/1.73 
m 2 /month respectively) and the start of RRT is earlier 
(HR 1.07 (1.01;1.13) and 1.17 (1.04;1.31) respectively). 

Discussion 

The results of this study show that 89% of the patients 
with CKD stages IV-V starting pre-dialysis care did not 
reach the blood pressure treatment target goal of SBP < 
130 mmHg and DBP < 80 mmHg, even though the 
majority of these patients (92%) were treated with anti- 
hypertensive drugs. Both higher SBP and DBP were 
associated with a faster progression of CKD. More spe- 
cific, patients with SBP > 130 mmHg or DBP > 100 
mmHg had an accelerated decline in renal function 
(eGFR) during pre-dialysis care which was accompanied 
by an earlier start of RRT, compared to patients with 
SBP < 130 mmHg or DBP < 100 mmHg. Further analy- 
sis showed that in patients with SBP above the target 
goal (> 130 mmHg), additionally having DBP above the 
target goal (> 80 mmHg) did not result in an accelerated 
decline in renal function or an earlier start of RRT. 

Our study is the first European study to report on the 
association of both SBP and DBP with the progression 
of CKD, as assessed by decline in renal function and 
time until the start of RRT, in a well-defined population 
of pre-dialysis patients with CKD stages IV-V. Every 10 
mmHg increase in SBP or DBP resulted in an acceler- 
ated decline in renal function (adjusted additional 
decline 0.04 (0.02;0.07) and 0.05 (0.00;0.11) ml/min/1.73 
m 2 /month respectively). Our data are in line with the 
findings of several observational studies such as the 
MDRD study [24], which showed that an increased 
mean arterial pressure is associated with an accelerated 
decline in renal function in patients with an eGFR 
between 13 and 24 ml/min/1.73 m . However, CKD 
patients with an eGFR below 13 ml/min/1.73 m were 
excluded from the MDRD study because they were 
likely to start dialysis before the effect of diet and blood 
pressure control could be evaluated [25]. Furthermore, 
patients with severe co-morbidities were excluded and 



the patient population in the MDRD study consisted 
mostly of patients with polycystic kidney disease. Our 
patients may therefore be more representative of patient 
populations as seen by treating physicians in outpatient 
clinics, as our patient selection did not restrict on etiol- 
ogy of the primary kidney disease, level of eGFR or 
severity of co-morbidities. The results of our study also 
showed that every 10 mmHg increase in SBP or DBP 
respectively resulted in an adjusted 1.09 (95% CI 
1.04;1.14) and 1.16 (95% CI 1.05;1.28) fold increased risk 
of starting RRT earlier. These results are in line with a 
study performed by Levin et al [26], who found that 
every 5 mmHg increase in SBP or DBP resulted in an 
earlier start of RRT (HR 1.02, 95% CI 1.00;1.04, and HR 
1.05, 95% CI 1.01;1.09, respectively) in a Canadian 
cohort of patients on pre-dialysis care (CKD stages IV- 
V, n = 4,231). 

Our data are not in line with some previous published 
interventional trials on the effect of lowering blood pres- 
sure in CKD patients [27-29]. These studies showed that 
in patients with CKD stages III-V intensive blood pres- 
sure lowering (< 130/80 mmHg versus < 140/90 mmHg) 
was not beneficial on the progression of CKD, defined 
as decline in renal function or time until the start of 
dialysis, transplantation, death and/or doubling of serum 
creatinine. There are several possible explanations for 
these contradictory findings. First, the study populations 
of the trials differ from our study population, because 
the trials mainly consist of patients with CKD stage III 
and our observational cohort consists of patients with 
advanced stages of CKD (IV-V). Furthermore, the trials 
apply many patient exclusion criteria that will result in a 
relatively more healthy study population compared to 
our cohort. Second, the achieved blood pressure goal in 
the intensively treated patients (< 130/80 mmHg) had a 
large overlap with the normal treated patients (< 140/90 
mmHg). This finding suggests that blood pressure con- 
trol is very difficult in patients with advanced stages of 
CKD and this can explain the high percentage (89%) of 
pre-dialysis patients in our cohort not reaching the 
treatment target goal, which is in line with another 
study [30]. It can be reasoned that blood pressure con- 
trol is easier to achieve in patients with early stages of 
CKD, as shown by Nakayama et al [31]. Finally, the 
trials found that the effect of lowering blood pressure 
was beneficial in patients with more severe proteinuria 
and our cohort mainly consists of patients with protei- 
nuria (89%). 

The PREPARE-1 study has potential strengths and 
limitations. First, in our cohort an equal number of 
patients started HD and PD and therefore the results 
cannot be generalized to the United States pre-dialysis 
population. Furthermore, it has been estimated that in 
the general population 36-65% of the patients with an 
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eGFR below 15 ml/min/1.73 m 2 are not treated by a 
nephrologist [32]. Therefore, perhaps our results cannot 
be generalized to all patients with an eGFR below 15 
ml/min/1.73 m 2 , but only to those receiving pre-dialysis 
care. However, for clinical practice our cohort is a very 
representative and relevant population. Second, for esti- 
mating the rate of decline in renal function, we assumed 
that the decline in renal function is linear in advanced 
CKD stages. It has been shown previously that linearity 
of the course in eGFR is a plausible assumption, 
although on theoretical grounds over a longer period of 
time an exponential decline could be present [24]. 
Third, SBP and DBP were collected only once at the 
start of pre-dialysis care. This may lead to less precision 
and more variability of the SBP and DBP measurement 
at baseline, possibly resulting in underestimated effects. 
Furthermore, blood pressure may change during pre- 
dialysis care. A time-dependent analysis with time vary- 
ing blood pressure would be more accurate compared 
to an analysis with only one blood pressure measure- 
ment at baseline. However, such data were not available 
in our study. As an alternative, we showed that when 
using follow-up of six months the association of blood 
pressure with decline in renal function and time until 
the start of RRT remained similar, whereas the results 
where somewhat diluted when using complete follow- 
up. The latter may indeed suggest that blood pressure 
changes over time. We chose to use the first year of fol- 
low-up in our primary analyses in order to have a more 
precise estimation of the association of blood pressure 
with decline in renal function and time until the start of 
RRT. Fourth, it is possible that the association of blood 
pressure with progression of CKD is confounded by the 
prognosis of patients. However, baseline characteristics 
showed that referral of patients is mainly done by 
nephrologists and this percentage is comparable 
between patients below and above the blood pressure 
treatment target goal, which may give an indication that 
prognosis is similar. Furthermore, adjustment for sex, 
age, race, smoking, primary kidney disease, co-morbid- 
ities, hemoglobin, eGFR, and proteinuria eliminated a 
part of this confounding effect, but we cannot exclude 
some residual confounding of our effect measures. 
Adjustment for decline in renal function prior to start- 
ing pre-dialysis care was not possible, because too few 
eGFR measurements were available. Fifth, the aim of 
this study was to investigate the association of baseline 
blood pressure with progression of CKD irrespective of 
blood pressure control by medication. Therefore, the 
definition of the blood pressure treatment target goal 
was solely based on blood pressure and results were not 
adjusted for the use of anti-hypertensive drugs. Finally, 
data regarding proteinuria, hemoglobin, and baseline 
eGFR were not available for all patients. Therefore, in 



order to maintain power and to avoid selection bias, we 
chose not to include these variables into our primary 
analyses. However, after adjustment for these covariates 
the point estimates for decline in renal function and 
time until the start of RRT remained similar. 

What could be an explanation for the found associa- 
tion of hypertension with an accelerated decline in renal 
function and an earlier start of RRT? Endothelial dys- 
function is a pathological consequence of hypertension 
[33] leading to vessel damage, causing atherosclerosis, 
and subsequently arterial stiffness. Arterial stiffness in 
turn can lead to an increased afterload, left ventricular 
hypertrophy, reduced coronary perfusion, congestive 
heart failure, and altered or reduced blood supply to tis- 
sues including the kidney [34]. In pre-dialysis patients, 
arterial stiffness can lead to glomerular hypertension 
and thereby increased glomerular permeability and 
excessive filtration of proteins. Protein ultrafiltrates are 
toxic to the proximal tubules, resulting in tubular 
damage and scarring. Glomerular hypertension and 
increased ultrafiltration of proteins contribute to the 
progression of chronic renal damage and thereby renal 
function [35]. It is also possible that blood pressure 
increases as the result of an accelerated decline in renal 
function, resulting in a vicious circle between blood 
pressure increase and decline in renal function. In our 
cohort, arterial stiffness seems a plausible explanation 
because with increasing pulse pressure, which is a mar- 
ker for arterial stiffness, decline in renal function accel- 
erated and time until the start of RRT decreased (data 
not shown). 

Conclusions 

The proposed blood pressure treatment target goal for 
patients with CKD is < 130/80 mmHg, according to the 
K/DOQI, JNC 7, and AHA treatment guidelines for 
hypertension in CKD patients [20-22]. The results of 
our study show that pre-dialysis patients with blood 
pressure below this target have the slowest decline in 
renal function and the latest start of RRT. Our results 
support the beneficial effect of keeping blood pressure 
levels, especially for systolic blood pressure, below this 
treatment target goal at the start of pre-dialysis care. 
Randomized controlled trials are necessary to demon- 
strate whether active blood pressure lowering below this 
target is beneficial in pre-dialysis patients. 

Acknowledgements 

Trial nurses, data managers and students from the Hans Mak Institute are 
gratefully acknowledged for their assistance in data collection. Furthermore, 
we thank all the laboratory information system managers who invested time 
and effort to supply laboratory data, and all supporting staff who helped 
tracing records of (eventually) every patient. This study was supported by an 
unrestricted grant from Amgen. 



de Goeij ef al. BMC Nephrology 201 1, 12:38 
http://www.biomedcentral.com/1471-2369/12/38 



Page 9 of 10 



Author details 

'Department of Clinical Epidemiology, Leiden University Medical Center, 
Albinusdreef 2, 2333 ZA Leiden, the Netherlands. 2 Hans Mak Institute, 
Koningin Wilhelminalaan 29-B, 1411 EL Naarden, the Netherlands, 
department of Nephrology, Leiden University Medical Center, Albinusdreef 
2, 2333 ZA Leiden, the Netherlands. 4 Bronovo Hospital, Bronovolaan 5, 2597 
AX the Hague, the Netherlands. 5 Linnaeus Institute, Kennemer Gasthuis, 
Boerhaavelaan 22, 2035 RC Haarlem, the Netherlands. 

Authors' contributions 

MCMdG performed the statistical analyses and drafted the manuscript. NV 
collected data and revised the manuscript critically. NH, DJdJ, EWB, YWJS, 
FWD, and DCG contributed to the conception and the design and revised 
the manuscript critically. All authors have given final approval for this version 
to be submitted. 

Competing interests 

The PREPARE-1 study is an independent academic study designed and 
carried out by the Department of Clinical Epidemiology from the Leiden 
University Medical Center in collaboration with the Hans Mak Institute 
(Naarden) and the participating hospitals. This study was funded by an 
unrestricted grant from Amgen (the Netherlands and Switzerland). The 
sponsor of the study was not involved in study design, collection of data, 
statistical analyses, interpretation of data, writing of the manuscript, or in the 
decision to submit the paper for publication. None of the authors have 
declared a conflict of interest. 

Received: 21 April 2011 Accepted: 11 August 2011 
Published: 11 August 2011 

References 

1 . Coresh J, Selvin E, Stevens LA, (vlanzi J, Kusek JW, Eggers P, van Lente F, 
Levey AS: Prevalence of chronic kidney disease in the United States. 
JAMA 2007, 298:2038-2047. 

2. Gilbertson DT, Liu J, Xue JL, Louis TA, Solid CA, Ebben JP, Collins AJ: 
Projecting the number of patients with end-stage renal disease in the 
United States to the year 2015. J Am Soc Nephrol 2005, 1 6:3736-3741 . 

3. Stengel B, Billon S, van Dijk PC, Jager KJ, Dekker FW, Simpson K, Briggs JD: 
Trends in the incidence of renal replacement therapy for end-stage 
renal disease in Europe, 1990-1999. Nephrol Dial Transplant 2003, 
18:1824-1833. 

4. Kronborg J, Solbu M, Nj0lstad I, Toft I, Eriksen BO, Jenssen T: Predictors of 
change in estimated GFR: a population-based 7-year follow-up from the 
Tromso study. Nephrol Dial Transplant 2008, 23:2818-2826. 

5. Krop JS, Coresh J, Chambless LE, Shahar E, Watson RL, Szklo M, Brancati FL: 
A community-based study of explanatory factors for the excess risk for 
early renal function decline in blacks vs whites with diabetes: the 
Atherosclerosis Risk in Communities study. Arch Intern Med 1999, 
159:1777-1783. 

6. Ribstein J, du Cailar G, (vlimran A: Glucose tolerance and age-associated 
decline in renal function of hypertensive patients. J Hypertens 2001, 
19:2257-2264. 

7. Sesso R, Prado F, Vicioso B, Ramos LR: Prospective study of progression of 
kidney dysfunction in community-dwelling older adults. Nephrology 
(Carlton) 2008, 13:99-103. 

8. Youssef AA, Srinivasan SR, Elkasabany A, Cruickshank JK, Berenson GS: 
Temporal relation between blood pressure and serum creatinine in 
young adults from a biracial community: the Bogalusa Heart Study. Am J 
Hypertens 2000, 13:770-775. 

9. Fox CS, Larson MG, Leip EP, Culleton B, Wilson PW, Levy D: Predictors of 
new-onset kidney disease in a community-based population. JAMA 2004, 
291:844-850. 

10. Yamagata K, Ishida K, Sairenchi T, Takahashi H, Ohba S, Shiigai T, Narita M, 
Koyama A: Risk factors for chronic kidney disease in a community-based 
population: a 10-year follow-up study. Kidney Int 2007, 71:159-166. 

11. Hsu CY, McCulloch CE, Darbinian J, Go AS, Iribarren C: Elevated blood 
pressure and risk of end-stage renal disease in subjects without baseline 
kidney disease. Arch Intern Med 2005, 165:923-928. 

12. Iseki K, Kimura Y, Wakugami K, Okumura K, Muratani H, Ikemiya Y, 
Fukiyama K: Comparison of the effect of blood pressure on the 



development of stroke, acute myocardial infarction, and end-stage renal 
disease. Hypertens Res 2000, 23:143-149. 

13. Klag MJ, Whelton PK, Randall BL, Neaton JD, Brancati FL, Ford CE, 
Shulman NB, Stamler J: Blood pressure and end-stage renal disease in 
men. N Engl J Med 1 996, 334:1 3-1 8. 

14. Tozawa M, Iseki K, Iseki C, Kinjo K, Ikemiya Y, Takishita S: Blood pressure 
predicts risk of developing end-stage renal disease in men and women. 
Hypertension 2003, 41:1341-1345. 

15. K/DOQI clinical practice guidelines for chronic kidney disease: 
evaluation, classification, and stratification. Am J Kidney Dis 2002, 39: 
SI -266. 

16. Brazy PC, Stead WW, Fitzwilliam JF: Progression of renal insufficiency: role 
of blood pressure. Kidney Int 1989, 35:670-674. 

17. Jovanovic DB, Djukanovic L: Analysis of factors influencing chronic renal 
failure progression. Ren Fail 1999, 21:177-187. 

18. Locatelli F, Marcelli D, Comelli M, Albert! D, Graziani G, Buccianti G, 
Redaelli B, Giangrande A: Proteinuria and blood pressure as causal 
components of progression to end-stage renal failure. Northern Italian 
Cooperative Study Group. Nephrol Dial Transplant 1996, 1 1 461-467. 

19. Sarnak MJ, Greene T, Wang X, Beck G, Kusek JW, Collins AJ, Levey AS: The 
effect of a lower target blood pressure on the progression of kidney 
disease: long-term follow-up of the modification of diet in renal disease 
study. Ann Intern Med 2005, 142:342-351. 

20. K/DOQI clinical practice guidelines on hypertension and 
antihypertensive agents in chronic kidney disease. Am J Kidney Dis 2004, 
43:S 1-290. 

21. Chobanian AV, Bakris GL, Black HR, Cushman WC, Green LA, Izzo JL Jr, 
Jones DW, Materson BJ, Oparil S, Wright JT Jr, Roccella FJ: The Seventh 
Report of the Joint National Committee on Prevention, Detection, 
Evaluation, and Treatment of High Blood Pressure: the JNC 7 report. 
JAMA 2003, 289:2560-2572. 

22. Rosendorff C: Hypertension and coronary artery disease: a summary of 
the American Heart Association scientific statement. J Clin Hypertens 
(Greenwich) 2007, 9:790-795. 

23. Levey AS, Bosch JP, Lewis JB, Greene T, Rogers N, Roth D: A more accurate 
method to estimate glomerular filtration rate from serum creatinine: a 
new prediction equation. Modification of Diet in Renal Disease Study 
Group. Ann Intern Med 1999, 130:461-470. 

24. Hunsicker LG, Adler S, Caggiula A, England BK, Greene T, Kusek JW, 
Rogers NL, Teschan PE: Predictors of the progression of renal disease in 
the Modification of Diet in Renal Disease Study. Kidney Int 1997, 
51:1908-1919. 

25. Beck GJ, Berg RL, Coggins CH, Gassman JJ, Hunsicker LG, Schluchter MD, 
Williams GW: Design and statistical issues of the Modification of Diet in 
Renal Disease Trial. The Modification of Diet in Renal Disease Study 
Group. Control Clin Trials 1991, 12:566-586. 

26. Levin A, Djurdjev O, Beaulieu M, Er L: Variability and risk factors for kidney 
disease progression and death following attainment of stage 4 CKD in a 
referred cohort. Am J Kidney Dis 2008, 52:661-671. 

27. Appel U, Wright JT Jr, Greene T, Agodoa LY, Astor BC, Bakris GL, 
Cleveland WH, Charleston J, Contreras G, Faulkner ML, Gabbai FB, 
Gassman JJ, Hebert LA, Jamerson KA, Kopple JD, Kusek JW, Lash JP, Lea JP, 
Lewis JB, Lipkowitz MS, Massry SG, Miller ER, Norris K, Phillips RA, Pogue VA, 
Randall OS, Rostand SG, Smogorzewski MJ, Toto RD, Wang X: Intensive 
blood-pressure control in hypertensive chronic kidney disease. N Engl J 
Med 2010, 363:918-929. 

28. Klahr S, Levey AS, Beck GJ, Caggiula AW, Hunsicker L, Kusek JW, Striker G: 
The effects of dietary protein restriction and blood-pressure control on 
the progression of chronic renal disease. Modification of Diet in Renal 
Disease Study Group. N Engl J Med 1994, 330:877-884. 

29. Wright JT Jr, Bakris G, Greene T, Agodoa LY, Appel U, Charleston J, 
Cheek D, Douglas-Baltimore JG, Gassman J, Glassock R, Hebert L, 
Jamerson K, Lewis J, Phillips RA, Toto RD, Middleton JP, Rostand SG: Effect 
of blood pressure lowering and antihypertensive drug class on 
progression of hypertensive kidney disease: results from the AASK trial. 
JAMA 2002, 288:2421-2431. 

30. van Zuilen AD, Wetzels JF, Bots ML, van Blankestijn PJ: MASTERPLAN: study 
of the role of nurse practitioners in a multifactorial intervention to 
reduce cardiovascular risk in chronic kidney disease patients. J Nephrol 
2008, 21:261-267. 



de Goeij ef al. BMC Nephrology 201 1, 12:38 
http://www.biomedcentral.com/1471-2369/12/38 



Page 10 of 10 



31. Nakayama M, Sato T, Sato H, Yamaguchi Y, Obara K, Kurihara I, Sato K, 
Hotta 0, Seino J, Miyata M, Takeuchi K, Nakayama K, Matsushima M, 
Otaka T, Kinoshita Y, Taguma Y, Ito S: Different clinical outcomes for 
cardiovascular events and mortality in chronic kidney disease according 
to underlying renal disease: the Gonryo study. Clin Exp Nephrol 2010, 
14:333-339. 

32. John R, Webb M, Young A, Stevens PE: Unreferred chronic kidney disease: 
a longitudinal study. Am J Kidney Dis 2004, 43:825-835. 

33. Endemann DH, Schiffrin EL: Endothelial dysfunction. J Am Soc Nephrol 
2004, 15:1983-1992. 

34. Gusbeth-Tatomir P, Covic A: Causes and consequences of increased 
arterial stiffness in chronic kidney disease patients. Kidney Blood Press Res 
2007, 30:97-107. 

35. Remuzzi G, Bertani T: Pathophysiology of progressive nephropathies. N 

Engl J Med 1998, 339:1448-1456. 

Pre-publication history 

The pre-publication history for this paper can be accessed here: 
http://www.biomedcentral.com/1471-236971 2/38/prepub 



doi:1 0.1 1 86/1 471-2369-1 2-38 

Cite this article as: de Goeij ef a!:. Association of blood pressure with 
decline in renal function and time until the start of renal replacement 
therapy in pre-dialysis patients: a cohort study. BMC Nephrology 201 1 
12:38. 



Submit your next manuscript to BioMed Central 
and take full advantage of: 

• Convenient online submission 

• Thorough peer review 

• No space constraints or color figure charges 

• Immediate publication on acceptance 

• Inclusion in PubMed, CAS, Scopus and Google Scholar 

• Research which is freely available for redistribution 



Submit your manuscript at (~\ RioM _-| rpntr ,i 

www.biomedcentral.com/submit \ J BHMWea central 



